Formation of chondrous and osseous tissues in micromass cultures of rat frontonasal and mandibular ectomesenchyme.
Rat frontonasal and mandibular mesenchyme was isolated from day-12 1/2 (stage-22) rat embryos and cultured at high density for up to 12 days. The stage chosen was based on the observation that mandibular mesenchyme at this stage became independent of its epithelium with respect to the production of both cartilage and bone. Frontonasal cultures developed aggregates of anastomosing columns of cells within 2 days. These grew as the cells enlarged, laying down an Alcian-blue-positive matrix by day 3 of culture. Significant mineral was detected by von Kossa staining by day 5 at which time the aggregates covered a large portion of the culture, eventually covering the entire micromass by day 10-12. Mandibular cultures developed centrally located nodular aggregates by 3 days of culture. These nodules increased in number, spreading outwards as the cells enlarged, laying down an Alcian-blue-positive matrix by day 4 and mineral by days 6-7. At this time the nodules began to elongate and coalesce, but never covered the entire culture over the 12-day period. Antibody staining revealed that in both cultures the cells were initially positive for type I collagen. Subsequently, the aggregates began expressing type II collagen, followed by type X, which coincided with the onset of mineralization. At this time some cells were negative for these cartilage markers, but positive for osteoblast markers, bone sialoprotein II, osteocalcin and type I collagen. In addition osteonectin and alkaline phosphatase were demonstrable in all of the aggregate cells late in the culture period. This provided clear evidence that chondroblast and osteoblast differentiation was proceeding within these cultures. The culture of rat facial mesenchyme should prove very useful, not only for the analysis of bone and cartilage induction and lineage relationships, but also in furthering our knowledge of craniofacial differentiation, growth and pattern formation by extending our analysis to a mammalian system.